We studied the plant communities preferences of oniscidean isopods in a protected coastal area in southeastern Sicily that is characterized by ponds, dunes and rocky coast. In total, five sites were sampled between March 2003 and February 2004 using pitfall traps. A total of 7,326 specimens were found, belonging to 23 species. The vegetation analysis, using the phytosociological method, recognized a total of 11 types of plant communities, with specific ecological features. Measuring the species richness, diversity and annual activity density (aAD) values of the terrestrial isopod communities from each sampling site revealed differences among the various plant communities. PCA analysis confirmed the correlation between isopods species and specific plant communities. Moreover our results show that the high species richness is associated with a high vegetation cover and number of plants.
Introduction
Terrestrial isopods represent a very important component of the soil macrofauna. In temperate regions, they are the dominant decomposing arthropods, and as such, are primarily responsible for regulating decomposition and recycling of nutrients in the ecosystems (Sutton 1980; Zimmer 2002) .
The distribution of isopods species depends on several environmental parameters, such as soil properties, air humidity and temperature (Hornung & Warburg 1995) . The isopods indeed are grouped into different ecological categories, based on the habitat that they colonize (Vandel 1960; Schmalfuss 1984) .
Human activities (e.g., agriculture) contribute to the change of natural ecosystems with consequent loss of habitat and decrease of biological richness (Paoletti 1987 (Paoletti , 1988 Paoletti & Hassal 1999; Fraja et al. 2010) . Changed species equilibrium is observed in agricultural regions where pesticides and fertilizers have been applied, indicating a relationship between the management of the territory and the functioning of the ecosystem (Paoletti & Hassall 1999) . Protected areas are wellpreserved environments in which human activities are greatly reduced or absent and generally represent a fundamental reference point in terms of high diversity of terrestrial isopods in the ecosystem.
Literature provides many studies about isopods diversity in the Mediterranean coastal wetland (e.g., Achouri et al. 2008; Hamaïed-Melki et al. 2011; Kemaissia et al. 2012; Messina et al. 2012) ; habitat preference (Vilisics et al. 2007) ; but a few scientific studies on their plant communities preferences. Among these, David et al. (1999) evaluated the relationship between diplopods and isopods and the vegetation structure in southern France; Sfenthourakis (1992) ; Sfenthourakis et al. (2005 Sfenthourakis et al. ( , 2008 studied the habitat preference in natural areas in Greek mountains; Souty-Grosset et al. (2008) reported the relationships among habitats, plant components and communities of terrestrial isopods in the Region Poitou-Charentes (France). A study has already been conducted on the diversity of isopods in the Natural Reserve of Vendicari (Messina et al. 2011 ) that is characterized by salty coastal lakes (ponds). In this area 23 species were identified, 3 of which were new to this area: Spelaeoniscus sp., Bathytropa sp., Agabiformius lentus. The diversity values were higher in spring and autumn than in summer and winter.
The aim of this study was to verify the relationships between isopods species and plant communities in order to obtain more information about the ecology of each species. Indeed, knowledge of the relationships with the environment is a further important element to establish the usefulness of species as bioindicators (Brandmayr et al. 2005 ).
Isopoda in a coastal area of Sicily 
Material and methods

Study area
The study area is part of the Natural Reserve of Vendicari ( Fig. 1) , which is registered as a Special Protection Area (SPA) and a Site of Community Importance (SIC, ITA090002). The reserve is formed by a coastal land between the towns of Noto and Pachino (Syracuse province) in southeastern Sicily (WGS: 36
• 48 13 N, 15
• 05 54 E); it consists of a plain with moderate height differences (up to 12 m a.s.l.) that is characterized by sand dunes, rocky coast, and three ponds along the shore line. These ponds are very close to each other, and each one is approximately 100-130 m from the coastline. From north to south, are called Pantano Piccolo (0.2 km 2 ); Pantano Grande (0.38 km 2 ), which is sometimes continuous with Pantano Piccolo, depending on water level; and Pantano Roveto (1.24 km 2 ). They are all separated from the sea, although periods of particularly heavy rain can increase the level of Pantano Roveto such that excess water pours into the sea. Each pond has an average depth of 30 cm and a maximum depth of 1-2 m. The salinities are of a potentially wide range, depending on the seasonal rainfall; the salinity of Pantano Grande ranges from 18 to 280‰, while that of Pantano Roveto ranges from 35 to 290‰ (Moscatello & Belmonte 2009 ).
Sampling
Sampling was conducted by pitfall trapping between March 2003 and February 2004. The traps were constructed of polyethylene cylinders (height 20 cm, diameter 7.5 cm) and they were three-quarters full of a water/sodium chloride saturated solution. Pitfall trapping is generally considered a good sampling method because it is simple and easy to apply (Greenslade 1964) , however, low-mobility species and/or juveniles may be under-sampled (Brandmayr et al. 2005) .
Five sampling sites were selected, with transects of pitfall traps traced at each site. The transects were drawn all orthogonally to the sea and where there was an ecological succession of plant communities. Each trap was usually placed at the same distance to the proximal trap. Different numbers of traps were placed in correspondence to each plant community in proportion to its wideness. The sampling sites, the type of substrate, the plant communities and the number of traps located at each site are shown in Table 1 . Six traps were placed at site 1 (S1), along a 110 m transect that was traced between the coastline and Pantano Roveto. Six traps were placed at site 2 (S2), along a 120 m transect that was traced inland from the Pantano Roveto. Seven traps were placed at site 3 (S3), along a 100 m transect traced between the coastline and Pantano Piccolo. Seven traps were placed at site 4 (S4), along a 100 m transect traced inland from Pantano Piccolo. Three traps were placed at site 5 (S5), along a 40 m transect traced between the coastline and Pantano Grande.
The numbers assigned to the traps, the distances between the traps, and the orientation of each transect are indicated in Messina et al. (2011) . The traps were emptied monthly, and the collected material was transferred to 70% alcohol solutions. Species identifications were performed in the laboratory.
Plant communities of the study area
To analyze and classify various plant communities, different phytosociological surveys were performed using the BraunBlanquet method (Braun-Blanquet 1964) . According this method in each relevè the complete list of vascular plant species was recorded and for each species the cover value (percentage of soil surface) was assessed (cover scale +: <1% cover; 1: 1-5% cover; 2: 5-25% cover; 3: 25-50% cover; 4: 50-75% cover; 5: >75% cover). The syntaxonomical framing of the vegetation units followed the methods of Rivas-Martinez et al. (2001) and Brullo et al. (2002) .
Data analysis
The ecological indices used to assess the isopods diversity in each plant community were: Shannon-Wiener diversity index (H'), Pielou evenness index (J'), Berger-Parker dominance index (B = Nmax / N, where Nmax is the number of individuals of the most abundant species) (Magurran 1988) . Similarities among plant communities were calculated using Jaccard's index. Statistical analysis was performed using PAST version 2.15.
Annual activity density (aAD) (Brandmayr & Brunello Zanitti 1982) values were calculated for each species collected in each plant community.
Moreover, in detail, the obtained aAD values were divided into five classes (<0.1, 0.1-0.5, 0.5-2, 2-10, and >10). Fig. 2 . Annual density activity (aAD) for the species from sampling site S1. Labels of the plant communities as reported in Table 1 . p -pond; s -sea. Generic names are given by abbreviations. Complete species names are reported in Table 2 .
The classes indicate the variation of activities of the species found in the plant communities along the transect. Relationship among species, types of plant community and vegetation cover were examined by Principal Component Analysis (PCA), using PC-ORD, version 4.34. In particular, the PCA takes into account different quantitative data such as altitude (Altit.), slope, number of plant species, vegetation cover and isopods abundance.
Results and discussions
Plant communities of the study area A total of 11 types of plant communities with specific ecological features were recognized (Table 1) , growing mainly on four types of substrate: rocky, sandy, siltyclayey, pebbly.
On the rocky substrate, the following plant communities were observed: Limonietum syracusani Bartolo, Brullo & Marcenò, 1982 (Ls) , Myrto communisPistacietum lentisci Rivas-Martinez, 1975 (McPl) , and Chamaeropo-Sarcopoterietum spinosi Barbagallo, Brullo & Fagotto, 1979 (CSs) . On the sandy substrate the following plant communities were observed: EphedroJuniperetum macrocarpae Bartolo, Brullo & Marcenò, 1982 (EJm) , and Coridothymo-Helichrysetum stoechadis Barbagallo, 1983 (CHs) . Surveys of the siltyclayey substrate evidenced the presence of the plant communities: Arthrocnemo-Juncetum subulati Brullo & Furnari, 1976 (AJs) , Agropyro scirpei-Inuletum crithmoidis Brullo, 1988 (AsIc) , Inulo-Juncetum maritimi Brullo, 1988 (IJm) , and Phragmitetum communis Schmale, 1939 (Pc) . Surveys of the pebbly substrate revealed the plant communities: Hyparrhenietum hirtopubescentis A. O. Bolòs & Br.-Bl., 1950 (Hhp) , and Bromus fasciculatus C. Presl community (Bs).
Figures 2-6 show ecological successions of plant communities along each transect.
Principal Component Analysis (PCA) and Similarity Analysis
The results obtained by PCA analyses are shown in Figure 7 . Eigenvalues: axis 1: 3.734; axis 2: 2.734; 44.5% cumulative variance accounted for the first two axes. The axis 1 shows a principal gradient of plants species richness and slope; axis 2 shows a gradient of altitude, isopods abundance and percentage of vegetation cover. Table 1 . p -pond. Generic names are given by abbreviations. Complete species names are reported in Table 2 . Fig. 4 . Annual density activities (aAD) for the species from sampling site S3. Labels of the plant communities as reported in Table 1 . p -pond; s -sea. Generic names are given by abbreviations. Complete species names are reported in Table 2 . Table 1 . p -pond. Generic names are given by abbreviations. Complete species names are reported in Table 2 . Fig. 6 . Annual density activities (aAD) for the species from sampling site S5. Labels of the plant communities as reported in Table 1 . p -pond; r -road; s -sea. Generic names are given by abbreviations. Complete species names are reported in Table 2. PCA analysis confirmed the correlation between isopods species and plant communities (Fig. 7) . Furthermore, the species richness is high where there is a greater presence of plants and high percentage of vegetation cover. Same species are obviously associated with a specific plant community. Porcellionides pruinosus, Agabiformius obtusus, Leptotrichus naupliensis and Armadillidium nasatum are associated with McPl, Halophiloscia couchii and Halophiloscia hirsuta with AsIc, Porcellionides sexfasciatus with EJm. Figure 8 shows the results of similarities analysis; two clusters were distinguished. The faunal component was more similar between CHs and IJm (J = 0.75).
The similarity values are high among contiguous plant communities. A high value of similarity was also found between Pc and AJs (J = 0.71); they are both halophilic plant communities. Low similarity values were found between Ls and other plant communities. These results show that the studied plant communities are separated in two clusters: the plant communities growing on rocky substrate and those growing on sandy-clay substrate. Consequently isopods are distributed differently in the two types of substrate. As matter of fact Leptotrichus panzerii, species psammophila, is dominant in CHs, IJm Table 1 . S -isopods species; labels of names as reported in Table 2 . Table 1. and AsIc growing on sandy, silty-clayey substrate.
Furthermore the same species gradient was observed between the sea and the ponds and between the ponds and the inland.
Abundance of isopods in relation to plant communities
Sampling revealed the presence of 7,326 specimens of isopods belonging to 23 species (Table 2) ; 63% of the specimens were collected on the silty-clayey substrate, while only 3% were found on sandy substrate.
Among the 11 plant communities recorded, the most isopod-rich plants (containing 36% of collected specimens) were the halophilous low shrubs of Arthrocnemo-Juncetum subulati, a type of vegetation that grows on periodically submerged. Isopods were also abundantly collected from the halophilous vegetation of Agropyro scirpei-Inuletum crithmoidis (18% of specimens) and from the evergreen shrub of Myrto communis-Pistacietum lentisci (15% of specimens). Lower abundances of isopods (percentages of specimens) were found in the sub-halophilous vegetation of Inulo-Juncetum maritimi (3%), which prefers sand soils that are submitted to long periods of submersion; in the psammophilous shrub vegetation of CoridothymoHelichrysetum stoechadis (2%); in the coastal maquis of Ephedro-Juniperetum macrocarpae (1%); in the rocky coastal vegetation of Limonietum syracusani (<1%); and finally in the uncultivated Bromus fasciculatus (<1%).
Species richness and diversity in relation to the plant communities Table 2 shows the aAD values for the 23 isopod species found in the 11 plant communities. The variation of aAD each species along transects is shown in Figs 5-9. The aAD values ranged from 0.03 to 18.67. Some species are dominant in one plant community. Shannon index values vary from 0.74 to 1.57 (Table 2) . High values diversity were shown in McPl (H = 1.56) and in EJm (H = 1.57). This latter was the most balanced community (H' = 0.81; B = 0.34). The lowest values diversity (H = 0.74) and the highest value of dominance Table 2 . List of species collected, annual activity density (aAD) for each species found in the plant communities, total catch and number of species, diversity parameters for each plant communities. (B = 0.75) were found in Ls. The lowest number of isopod species (3) was found in the Limonietum syracusani (Ls), while the greatest number (14) was found in Myrto communis-Pistacietum lentisci (McPl). Limonietum syracusani is a halophilous vegetation growing on rocky coast affected by marine aerosol and strong wind. Here we found two halophilic species, Porcellio lamellatus and H. hirsuta. Porcellio lamellatus was collected both near the sea and near the pond. Also in Tunisia this species was collected in wetland lagoon characterized by halophilic vegetation (Khemaissia et al. 2012) . Inland, Ls is close to the evergreen shrub vegetation of McPl. The greatest number of isopod species (14) was found here. Hamaïed-Melki et al. (2011) found in a natural area of Tunisia (wadi of Moula-Bouterfess catchment area) a high diversity in areas characterized by Pistacia lentiscus and Myrtus communis. This high diversity is probably due to several factors. These findings indicate that the moisture and soil depth probably play an important role, as they decrease moving towards the maquis and therefore farther from the ponds.
In fact, this 11 species difference in diversity is quite high, probably due to the coverage, composition, and structure of the plant communities, as well as the fact that the soil is denser or more deep, richer in humus, and better drained compared to the limestone soil of the rocky coast.
In McPl, the most abundant isopod species was Armadillidium vulgare (4.72), which is capable of living almost anywhere. Zimmer et al. (2000) reported that this species is most prevalent in limestone soil; it was found all over Sicily, and was abundant under rocks that lay on the volcanic sands of Etna up to 1,000 meters of height (Caruso et al. 1987) . Chaetophiloscia elongata and Armadillidium badium were also well represented.
Chamaeropo-Sarcopoterietum spinosi (CSs) was found between the maquis and the halophilous vegetation of rocky coast. Adverse environmental factors, such as wind intensity and the shallow soil, prevent this site from evolving to become the maquis. Twelve isopod species were found in relation to these plant communities. Among these, Porcellio hyblaeus is en-demic to eastern Sicily (Viglianisi et al. 1992) . Armadillidium badium was the most common (2.60). In CSs we found Spelaeoniscus sp. which is very sensitive to dryness and is very rarely captured by pitfall trap because of its low mobility and scarce superficial activity. High species richness was found in Arthrocnemo-Juncetum subulati (AJs), Phragmitetum communis (Pc), and Agropyro scirpei-Inuletum crithmoidis (AsIc), which grows on salt clay soils humid for long time (Tomaselli et al. 2011; Sciandrello & Tomaselli 2014) . Arthrocnemo-Juncetum subulati (AJs) was the richest with 13 species, two of which, H. hirsuta and P. lamellatus, are purely halophilous species (see also Montesanto et al. 2007 ) and one, C. elongata, is strongly hydrophilous and also has the highest aAD value (18.67). This species is typical of areas at high humidity (Caruso et al. 1987 ). In the coastal Sicilian wetland and in the wetland of Tunisia it was collected in areas characterized by halophilic vegetation (Khemaissia et al. 2012) .
High species richness was also present on the pebbly substrate, which are destroyed by fire every year. This community is characterized by dominance of Hyparrhenia hirta and several plant of Lygeo-Stipetea class (Hyparrhenietum hirto-pubescentis, Hhp). Here, 12 isopod species were found, with C. elongata (1.88) and A. badium (1.60) being the most common.
The isopod species Haplophthalmus danicus, Spelaeoniscus sp., P. sexfasciatus, Porcellio hyblaeus, and A. nasatum were present with very low aAD values in only one community each: AsIc, EJm, CSs, and McPl, respectively.
Porcellionides sexfasciatus is able to tolerate a certain amount of salinity and is normally considered coastal species, but not halophilic; it was found near the beach in sandy substrate (EJm).
Finally, our results show that within the study area, generally the species show preference for a plant community. Furthermore, a high isopod richness is associated with a high vegetation cover, a high floristic richness and the type of soil. Indeed, on sandy soils, that are dry and fast draining, we have found a fewer number of isopod species while on clay soils, that are moist also in the summer, we have found a greater number of isopod species.
